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DISCHARGING BRUSH, DISCHARGING
DEVICE, AND DISCHARGING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation-n-part of PCT international appli-
cation No. PCT/JP2015/086074 filed on Dec. 24, 20135,
incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present mnvention relates to a discharging brush, a
discharging device, and a discharging method capable of

realizing appropriate removal of static electricity and reduc-
tion 1n electrification amount.

BACKGROUND ART

Many of recent display devices are large 1n size and thin
in thickness. Display panels of such display devices tend to
be electrified 1n manufacturing processes. The electrification
of a display panel may cause electro static discharge (ESD)
when the display panel 1s brought into contact with a worker
or an mspection device during manufacturing processes. The
occurrence of ESD induces panel defectiveness. Accord-
ingly, removal of static electricity of the display panel 1s
necessary.

As a discharging method of the panel, there 1s a noncon-
tact-type method using an 10nizer (an anti-static blower or
the like) capable of emitting charged particles and there 1s a
contact-type method using a brush including a grounded
conductor for electric discharge. For example, JP 5104301 B
discloses that an 10onizer serving as a noncontact-type dis-
charging device and a conductive brush grounded as a
contact-type discharging device are used together 1n manu-
facturing processes of an organic electro luminescence (EL)
panel to remove static electricity of the organic EL panel.

Since removal of static electricity by the noncontact-type
discharging method may be mnsuflicient for recent large and
thin display panels, the contact-type discharging method
using a conductive bar or brush 1s often employed.

However, when the static electricity of an object to be
discharged, such as a display panel, having an electronic
circuit 1s removed by using the contact-type method, 1t the
clectrification amount of the object to be discharged 1s large,
bringing the conductive bar or brush into contact with the
object may cause large current to flow instantaneously and
may damage the electronic circuit in the object.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
circumstance described above, and an object of the present
invention 1s to provide a discharging brush, a discharging
device, and a discharging method capable of realizing appro-
priate removal of static electricity and reduction 1n electri-
fication amount.

A discharging brush according to an embodiment of the
present invention includes a conductive brush unit and a
grounding wire connecting the brush unit with a grounding
point via a resistor.

A discharging device according to an embodiment of the
present invention 1s provided in a display panel manufac-
turing system and the discharging device comprises the
discharging brush.
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A method for discharging a display panel according to an
embodiment of the present invention comprises providing a
discharging brush including a conductive brush unit and a
grounding wire for connecting the brush unit with a ground-
ing point via a resistor and bringing the brush unit into
sliding contact with a terminal formed on a peripheral region

of the display panel.

Accordingly, the present invention provides the discharg-
ing brush, the discharging device, and the discharging
method capable of realizing appropriate removal of static
clectricity and reduction 1n electrification amount.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a discharging brush
according to a first embodiment.

FIG. 2 1llustrates an exemplary installation position of the
discharging brush in a discharging device according to the
first embodiment.

FIG. 3 illustrates another installation position of the
discharging brush according to the first embodiment.

FIG. 4 illustrates slower electric discharge as an exem-
plary eflect brought by the discharging brush according to
the first embodiment.

FIG. 5 1s a graph 1illustrating experimental results dem-
onstrating eflects variable depending on the resistance value
ol a resistor.

FIG. 6 1s a block diagram illustrating an exemplary
configuration of a discharging device according to a second
embodiment.

DETAILED DESCRIPTION

Herematter, embodiments of the present invention will be
described in detail below with reference to attached draw-
ings. Although respective embodiments include exemplary
configurations, 1t 1s needless to say that the present invention
1s not limited to the following configurations.

First Embodiment

FIG. 1 schematically illustrates a discharging brush 1
according to a first embodiment. The discharging brush 1
includes a conductive brush unit 11 and a conductive wire
15. As described below, the conductive brush unit 11 1s
configured to contact with a terminal 24 formed on a
peripheral region of the display panel to remove static
clectricity of the terminal 24. The conductive wire 15 1s a
grounding wire connecting the brush unit 11 with a ground-
ing point via a resistor 14. The brush unit 11 includes a
bristle 1mplantation part 12 and a brstle bundle 13
implanted to a plurality of portions of the bristle implanta-
tion part 12. The bristle implantation part 12 may be, for
example, made of metal and may be a flat plate having an
clongated shape. The bristle bundle 13 1s implanted to a
lateral surface of the bristle implantation part 12 along the
entire length of the bristle implantation part 12. The con-
ductive wire 15 has a first end connected to the bristle
implantation part 12 and a second end grounded. The
resistor 14 has a resistance value of, for example, equal to or
greater than 1 ME2 and equal to or less than 10 M£2. The
shape of the bristle implantation part 12 1s not specifically
limited.

The bristle implantation part 12 may be made of resin, 1n
which a conductor electrically connected to the bristle
bundle 13 1s embedded. The conductor embedded in the

bristle implantation part 12 may be connected to the con-
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ductive wire 15 equipped with the resistor 14. Further, the
bristle 1mplantation part 12 may have a grip part to be
gripped by a worker to operate the brush unit 11.

FIG. 2 1llustrates an exemplary installation position of the
discharging brush 1 incorporated in a discharging device 100
according to the present embodiment. The discharging
device 100 having the discharging brush 1 1s provided 1n a
manufacturing system of a display panel 2. More specifi-
cally, the discharging device 100 1s 1nstalled at a conveyance
path along which the display panel 2 of a display device 1s
conveyed. The discharging brush 1 of the discharging device
100 has a configuration similar to that of the discharging

brush 1llustrated 1n FIG. 1. The display panel 2 includes a
color filter (CF) substrate 21 and a thin film transistor (TFT)

substrate 22. The CF substrate 21 has counter electrodes

formed on a rear surface of the CF substrate 21. The TFT
substrate 22 has a circuit, including pixel electrodes, gate
and source bus lines connected to TFTs of respective pixel
electrodes, and common electrodes 23. The counter elec-
trodes are connected to the common electrodes 23. As
illustrated 1n FIG. 2, the TF'T substrate 22 1s slightly larger
than the CF substrate 21. In a peripheral region of the TFT
substrate 22, a terminal 24 1s formed 1n such a manner that
the terminal 24 1s exposed when the CF substrate 21 1s
mounted on the TFT substrate 22. In the embodiment, a
plurality of terminals 24 are provided to the peripheral
region of the TFT substrate 22 and the gate and source bus
lines and the common electrodes 23 are respectively con-
nected to the terminals 24. Although not illustrated, gate and
source drivers are connected to the terminals 24 via flexible
substrates.

The discharging brush 1 is installed at a position where
tips of the bristle bundle 13 are in sliding contact with the
terminals 24 of a display panel conveyed along the convey-
ance path. For example, 1n a display device manufacturing
system, the discharging device 100 may be provided in a
same region as a region where an anti-static blower for
emitting charged particles toward a display panel 1s provided
along the conveyance path. In this case, 1n a discharging step
(a step of bringing the brush unit into sliding contact with a
terminal), the display panel 1s discharged by the anti-static
blower and the discharging brush 1 i1n the same region. In
alternative, the discharging device 100 may be provided 1n
downstream of the region where the anti-static blower 1s
provided. In this case, the display panel 1s discharged 1n a
first discharging step by the anti-static blower, and then,
discharged 1n a second discharging step (a step of bringing
the brush unit into sliding contact with a terminal) by the
discharging brush 1.

FIG. 3 illustrates another installation position of the
discharging brush 1 according to the first embodiment. FIG.
3 1llustrates the display panel 2 conveyed along the convey-
ance path 1n a conveyance direction D indicated by an arrow
in FIG. 3. According to the illustrated example, the dis-
charging device 100 1s equipped with a plurality of (two 1n
FIG. 3) discharging brushes 1. As illustrated 1n FIG. 3, the
plurality of discharging brushes 1 are disposed side-by-side
in the conveyance direction D 1n such a manner that each
bristle bundle 13 (positioned behind the bristle implantation
part 12 1 FIG. 3) 1s 1n slhiding contact with a peripheral
region (extending along one long side of the display panel 2
in FIG. 3) of the display panel 2 while the display panel 2
1s conveyed along the conveyance path to remove the static
clectricity of the terminal 24 formed on the peripheral
region. Arranging the plurality of discharging brushes 1 each
being grounded via the resistor 14 1n this manner can realize
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cllective static elimination. Alternatively, the plurality of
discharging brushes 1 may be grounded via one common
resistor 14.

Installing the discharging brush 1 as illustrated in FIG. 2
and FIG. 3 enables electric charges accumulated on the
display panel 2 on the conveyance path, specifically internal
clectric charges accumulated on the pixel electrodes, counter
clectrodes, respective bus lines, common electrodes 23, and
TFTs of the display panel 2, to flow through the bristle
bundle 13 and the bristle implantation part 12 and reach the
grounding point via the resistor 14, thereby removing static
clectricity of the display panel 2. In this case, the internal
clectric charges can be ellectively removed since the dis-
charging brush 1 i1s brought into direct contact with the
object to be discharged.

The discharging brush 1 according to the first embodi-
ment 1s grounded via the resistor 14, as mentioned above.
Such an arrangement can suppress the occurrence of rapid
clectric discharge when the discharging brush 1 comes into
contact with the display panel 2. Therefore, damage of an
clectronic circuit having refined electrodes and various
clements connected to the electrodes can be prevented.
Effects brought by grounding the discharging brush 1 via the
resistor 14 will be described 1n detail below with reference
to FIGS. 4 and 5.

FIG. 4 illustrates slower electric discharge as an exem-
plary etlect brought by the discharging brush 1 according to
the first embodiment. In FIG. 4, the horizontal axis repre-
sents time. The origin (zero point) on the time axis corre-
sponds to the time when tips of the bristle bundle 13 of the
discharging brush 1 come 1nto contact with an object to be
discharged (the display panel 2 1n the first embodiment). In
FIG. 4, the vertical axis represents the magnitude of dis-
charge current (electric discharge amount). FIG. 4 1s a graph
illustrating diflerences in wavelorm of the discharge current,
which depend on the presence of the resistor 14. As 1illus-
trated 1n FIG. 4, grounding a discharging brush without
using the resistor 14 (heremaftter, referred to as “conven-
tional discharging brush™), namely 1n the case of “with no
resistor”’, requires time tl for the discharge current to reach
the peak. On the other hand, grounding the discharging
brush 1 via the resistor 14, namely in the case of “with
resistor’”’, requires time t2 (approximately two times the time
t1) for the discharge current to reach the peak. Grounding the
discharging brush 1 via the resistor 14 1n this manner can
slow the discharge of electrified charges on the display panel
2 and can prevent large current from flowing instanta-
neously, thereby preventing the electronic circuit from being,
damaged.

FIG. 5 1s a graph illustrating experimental results dem-
onstrating the eflects variable depending on the resistance
value of the resistor 14. FIG. 3 illustrates diflerences in
clectrification amount of the display panel 2 wvariable
depending on the resistance value. In each graph of FIG. 5,
the horizontal axis represents elapsed time and the vertical
axis represents the electrification amount (electrical poten-
tial) of the display panel 2. The display panel 2 was a
60-inch type. The uppermost graph 1 FIG. 5 indicates an
exemplary transition of the electrification amount when the
conventional discharging brush (having no resistor) was
used. The second graph from the top 1n FIG. 5 indicates an
exemplary transition of the electrification amount when the
resistor 14 of the discharging brush 1 was a resistor having
a resistance value of 1 M€2. The third graph from the top 1n
FIG. 5 mdicates an exemplary transition of the electrifica-
tion amount when the resistor 14 of the discharging brush 1
was a resistor having a resistance value of 2 ME2. The
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lowermost graph 1n FIG. S indicates an exemplary transition
of the electrification amount when the resistor 14 of the
discharging brush 1 was a resistor having a resistance value
of 10 M. An arrow 1n FIG. 5 indicates the timing when the
discharging brush 1 came into contact with the terminal 24
of the display panel 2, 1n each graph.

As understood from FIG. 5, when the resistance value 1s
equal to or greater than 1 ME2 and equal to or less than 10
ME2, the change in the electrical potential 1s especially slow
alter the contact of the discharging brush 1 and the electrical
potential 1s closer to zero. In short, 1t 1s understood that
grounding the discharging brush 1 via the resistor 14 having
a resistance value equal to or greater than 1 M£2 and equal
to or less than 10 M£2 can effectively suppress the occur-
rence of rapid electric discharge.

It 1s needless to say that the discharging brush 1 1s not
limited to the above-mentioned configuration in which the
discharging brush 1 1s installed at the conveyance path. For
example, a worker or a robot may mampulate the discharg-
ing brush 1. More specifically, the worker or the robot may
move the discharging brush 1 and bring the bristle bundle 13
of the discharging brush 1 into contact with a predetermined
position of an object to be discharged (the terminal 24 on the
peripheral region of the display panel 2) to remove the static
clectricity of the object to be discharged.

As another example, when a polarizing plate 1s attached
to the display panel 2, the bristle bundle 13 of the discharg-
ing brush 1 may be kept 1n contact with the terminal 24 1n
the peripheral region, the polarizing plate, and the panel
surface. On the other hand, when the polarizing plate 1s
detached from the panel surface, 1t may be usetul to perform
the work while keeping the bristle bundle 13 of the dis-
charging brush 1 1n contact with the surface of the polarizing
plate or the panel surface of the display panel 2. In this case,
when a {ilm (polarizing plate) 1s attached to or detached from
the CF substrate 21 and the TFT substrate 22, each being a
glass substrate, i1t 1s feasible to reduce electrification that
may be caused by static electricity occurring on the surface
of the display panel 2.

Further, 1n addition to static elimination, it 1s also eflective
to use the discharging brush 1 including the resistor 14 for
removal of foreign substance from a system on film (SOF)
used 1n the display panel 2. Further, the discharging brush 1
may also be used for discharging the display panel 2 being
cut out from mother glass.

If the conveyance path of the display panel 2 has a roller
made of rubber, the problem of electrification may arise in
a display panel by coming into contact with an external
surtace of the roller. In this case, 1t 1s useful to keep tips of
the bristle bundle 13 of the discharging brush 1 1n contact
with the roller constituting the conveyance path, rather than
the display panel. Such an arrangement can suppress the
occurrence of electrification when the display panel 1is
conveyed while being kept in contact with the roller made of
rubber.

Further, as mentioned above, in the discharging step,
combining the discharging brush 1 with a discharging ele-
ment (e.g., an anti-static bar, an anti-static blower, or the
like) other than the discharging brush 1 may be usetul to
remove static electricity of the display panel 2. Particularly,
the combined use of the discharging brush 1 and the dis-
charging element other than the discharging brush 1 1is
cllective for removing static electricity from a highly elec-
trified panel. When only the discharging brush 1 capable of
cllectively removing internal charges 1s used, there are cases
where discharging surface charges 1s insuihlicient. Even in
the case, by using another discharging element in addition to
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the discharging brush 1, the discharging ability 1s enhanced
and the surface charges can be appropriately removed.

Second Embodiment

FIG. 6 1s a block diagram 1illustrating an exemplary
configuration of a discharging device 101 according to a
second embodiment. The discharging device 101 according
to the second embodiment includes a discharging brush 156
grounded via a variable resistor 142 and a control unit 16
controlling the resistance value of the variable resistor 142.
Replacing the resistor 14 of the discharging brush 1
described in the first embodiment by the vanable resistor
142 can obtain the discharging brush 15 according to the
second embodiment. The configuration of the discharging
brush 156 1s similar to that of the discharging brush 1
according to the first embodiment, except for the variable
resistor 142 and the control unit 16. Therefore, common
constituent components are denoted by the same reference
numerals and detailed description thereol will be omuitted.

In the discharging device 101 according to the second
embodiment, the control unit 16 changes the resistance
value of the varnable resistor 142 according to switching of
a switch or in response to an external input signal. The
resistance value of the variable resistor 142 1s selectable
among a plurality of ranges (for example, three ranges: equal
to or greater than 1 ME2 and equal to or less than 2 ME2;
equal to or greater than 2 M£2 and equal to or less than 5
ME2; and equal to or greater than 5 M¢£2 and equal to or less
than 10 M¢€2), and the control unit 16 may be configured to
select one of these ranges. The control unit 16 may be
configured to change the resistance value of the variable
resistor 142 depending on the size of the display panel 2.
Specifically, the control unit 16 may be configured to change
the resistance value so as to 1ncrease the resistance value as
the size of the display panel 2 becomes larger.

As a technical knowledge derived from experiments,
setting the resistance values of the resistors 14 and 142 to be
equal to or greater than 1 M2 and equal to or less than 2 M¢£2
1s eflective when the display panel 2 1s a 40-inch type.
Further, as another technical knowledge derived from
experiments, setting the resistance values of the resistors 14
and 142 to be equal to or greater than 2 M£2 and equal to or
less than 5 M2 1s eflective when the size of the display panel
2 1s equal to or more than 40-1nch and equal to or less than
80-inch. In addition, as another technical knowledge derived
from experiments, setting the resistance values of the resis-
tors 14 and 142 to be equal to or greater than 5 M£2 and equal
to or less than 10 M 1s eflective when the size of the
display panel 2 1s equal to or more than 80-inch.

Accordingly, 1t 1s useful to employ a configuration 1n that
the resistance value of the variable resistor 142 1s selectable
among three ranges (first range: equal to or greater than 1
ME2 and equal to or less than 2 M£2, second range: equal to
or greater than 2 M£2 and equal to or less than 5 M€2, and
third range: equal to or greater than 5 M£2 and equal to or
less than 10 M£2) and each range 1s associated with the size
of the display panel 2. The control unit 16 may be configured
to recerve signal associated with the size range of the display
panel 2 (e.g., equal to or less than 40 1nches, equal to or more
than 40 inches and equal to or less than 80 1inches, and equal
to or more than 80 inches) from the switch or external input.
In this case, when the control unit 16 receives the signal
associated with the size range of the display panel 2 (for
example, a worker operate the switch according to the size
of the display panel 2), a desired range for the resistance
value of the vaniable resistor 142 can be selected.
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According to the above-mentioned embodiments, bring-
ing the discharging brush 1 or 15 into direct contact with an
object to be discharged ensures electric discharge and can
realize suflicient static elimination. Further, since the dis-
charging brush 1 1s grounded via the resistor 14 and the
discharging brush 15 1s grounded via the variable resistor
142, the occurrence of rapid electric discharge can be
suppressed and an electronic circuit can be prevented from
being damaged. In other words, appropriate removal of
static electricity and reduction 1n electrification amount can
be realized.

When the object to be discharged 1s the display panel 2,
internal charges accumulated on terminals connected to the
source and gate bus lines or terminals connected to the
common electrodes can be slowly and eflectively removed.
Therefore, an electronic circuit including electrodes and
respective element groups connected to these electrodes can
be prevented from being damaged by rapid electric dis-
charge.

The disclosed embodiments are to be considered as being
illustrative and not restrictive, 1 all respects. The scope of
the present invention 1s defined not by the above descrip-
tions but by the following claims, with an intention to
encompass the meaning equivalent to the claims and various
changes within the scope thereof.

What 1s claimed 1s:

1. A discharging device provided in a display panel
manufacturing system having a conveyance path for con-
veying a display panel, the discharging device comprising a
discharging brush,

wherein the discharging brush comprises

a conductive brush unmit configured to contact with a

terminal formed on a peripheral region of the display
panel to remove static electricity of the terminal; and

a grounding wire connecting the brush unit with a ground-

ing point via a resistor,
wherein the resistor has a resistance value equal to or
greater than 1 M€2 and equal to or less than 10 ME2,

wherein the discharging brush 1s installed at the convey-
ance path 1n such a manner that the brush unit 1s 1n
sliding contact with the terminal formed on the periph-
cral region of the display panel while the display panel
1s conveyed along the conveyance path, and

wherein the resistor 1s a variable resistor and the discharg-

ing device further comprises a control unit controlling
the resistance value of the vanable resistor.

2. The discharging device according to claim 1,

wherein the resistance value of the vanable resistor 1s

selectable among a plurality of ranges, and

wherein the control unit selects any one of the plurality of

ranges 1n accordance with the type of the display panel.

3. A method for discharging a display panel having a
terminal formed on a peripheral region of the display panel
comprising:

10

15

20

25

30

35

40

45

50

8

providing a discharging brush including a conductive
brush unit and a grounding wire for connecting the
brush unit with a grounding point via a resistor, the
resistor being a variable resistor, the conductive brush
unit configured to contact with the terminal formed on
the peripheral region of the display panel to remove the
static electricity of the terminal;

controlling the resistance value of the vanable resistor;

and

bringing the brush unit into sliding contact with the

terminal formed on the peripheral region of the display
panel,

wherein the resistor has a resistance value equal to or

greater than 1 ME2 and equal to or less than 10 ME2.

4. The method for discharging the display panel according,
to claim 3, wherein the resistance value of the variable
resistor 1s selectable among a plurality of ranges and the
method for discharging the display panel further comprises
selecting any one of the plurality of ranges 1n accordance
with the type of the display panel.

5. A discharging device comprising a discharging brush
for discharging a display panel having a terminal formed on
a peripheral region of the display panel, and a control unat,
wherein the discharging brush comprises a conductive brush
unmit configured to contact with the terminal formed on the
peripheral region of the display panel to remove static
clectricity of the terminal; and a grounding wire connecting
the brush umit with a grounding point via a resistor, the
resistor being a variable resistor, wherein the control unit
controls the resistance value of the variable resistor, and
wherein the resistor has a resistance value equal to or greater
than 1 ME£2 and equal to or less than 10 ME2,

wherein the resistance value of the variable resistor is

selectable among a plurality of ranges; and wherein the
control unit selects any one of the plurality of ranges 1n
accordance with the type of the display panel.

6. A discharging device comprising a discharging brush
for discharging a display panel having a terminal formed on
a peripheral region of the display panel, and a control unat,
wherein the discharging brush comprises a conductive brush
unit configured to contact with the terminal formed on the
peripheral region of the display panel to remove static
clectricity of the terminal; and a grounding wire connecting
the brush umit with a grounding point via a resistor, the
resistor being a variable resistor, wherein the control unit
controls the resistance value of the variable resistor, and
wherein the resistor has a resistance value equal to or greater
than 1 ME2 and equal to or less than 10 ME2,

wherein the resistance value of the variable resistor is

selectable among a plurality of ranges; wherein the
discharging device further comprises a switch for
selecting the plurality of ranges; and wherein the con-
trol unit selects any one of the plurality of ranges in
accordance with the state of the switch.
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